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[4*3ftt#©«B] 

[M#SI1] 5t*&MZ#?Z&®%ytl>— f-e*>z> 

r. nmv— w. 

9iiE3«±c*/£3n£«»©¥i&fcJi£S*, 
fliEgttJS©-:5©a»c&iisnfcai- u 7 * t. 

#i&*m-&m<»5 s© i ^TwaasfHwa-e* o , 

©*©**£f^lC«fc?T®£<*nT*sO. *JE##* 

■5, 

SffiSSftU— !f. 

*tt«*j&«lfflE8fl:JI©«ft: s hTHfcv>»#T* 0 . 

5. w#aicE«««s®«*u— tf. 

E¥*#«©$^^»#**W#P»^3V > 

st^/t * - >fcma s nn«rE383fe£®avs me*«iw 

mm © f ^ t * tf ^ -f & B&?,Z 7. =r v 

r. WE«**JCtfT:'s^®«**>fi^^. ens©* 

[0 0 0 1] 

[fern! ©«-*-*&*#») *K^«-«C*J»«cu— if 
CM-ra. «tOff«tctt» *K^lc<fcO. iMtlcnwt 



(2) t#M¥l 0 -2 2 9 2 4 8 

2 

1f£»j£Ta 
[0 0 0 2] 

[ft*©afl5] Hfle¥IS#u— y«. ft«^jHa->*x 

•5. SH£ttX2/y»# (edge eiittiag ) U— VifiZft 
6 ©ffl8ICfc^T*£Rffiffl Stroma*. ifi*F. «1! 

Xf-J&iS&ytl'— tf (vertical cavity surface 
enitting laser, " VCSEL") \Zft? ZHSfciimZ 
10 -oTSfc. VCSELlcB&tfiaS^ofcgf&tt. 3LyV 
IStt V— tf tt e-A©BB €f #;*:2<A©Tf8*t;*nfc tf- 

3t u — traoi/NTWS'j-fross (*©x-/->-aa-^aro 

\--?Z>Z.t.ft~Z%1l^. -yj, VC.SEL«3f-A«t 
-A<DM^/hSV»/5:ltT/i<. VC S ELfctfxA© 
*®lCMfli&JtSr%^-ra. Hi:. VCSELICIif&fr 

-iCfco TCiAOfX r-Rtf 1 XxXit 2'AftU— tf 

[0003] vcsel &mi&Tz&to<D&ffi\tmmsi 
fcyo-fexcj:*. *>©-?* 0. Hi&tfB 2 teaman 

dO^rffi-CW, «»©J1 if 

s«i oa>±\z&&.2nz>. cri^oia. gas 1 2 

Rtf7;i'5X>5A£*©S5HA IGaAslUSt 
tf. AlGaAslHU. U— tf«iS©g<3iJS©±X 

50 til 2IC»ar*7»SX'>A**©i«^A 1 GaA 
.sll 4tt;*-tN*it2 2©XyS>£3 SSilgjjU^r.y 

©^.tcm^-aTxvy*>6«^i?»fl:sns. c© 

«iS#£»*»©«&©Stt. T^SX^A-tJt^A I G a A 

siiOfinor. *K»ictt»fl:sn^v>*^a-5. 
ae^t*. cin&©»ft*t)Sfc*KWicffi^. «ot, 

7)\,S.-<52*-£m<Z)&t,->A 1 Ga As»ro*.*lgEfl:$n 

■5. Brjpax^A^iiwigftsn^aB^ii. mitf& 
©aofc8<tsnT^^^«« (*tn±) untoKD*" 

(BBD) " *3g)KL. ^©TA-^vliW- 
tf»ifi© + ©«5ft/t^S^*5««-C*^T. dniC«t 
0. U— tf-feJtm«A<ft*S. d©J:5^:ft^lc«kO 
JB^^n^VCSELti. " *^Xift5asPi6<5 0%T» 

(Selectively Oxidized Vertical Cavity Surface Eni 
tting Lasers With 50X Power Conversion Efficiency 
) " Electronics Letters. Vol.31, pp. 208-209 (199 
50 5)ICE«3ftTl,>*. 



3 

[0004] SiSErofiflffiaffcfrfttt. *-*«sa<*£v> 

©ffl®c£u>c<k3?©&o*©*££*rrft. cny? 
j£©£fc*.«tt. m<t&<nmm<mL»ztr&z. - 

#*U>aB7/t-y-H41~l 0 5?D> <m 
m) ©*-:y-T?<&0. Cttttfco£:*£&;*if©fl!!lS 

> (-j»ICte5 0~1 0 0 3*^>©±£;*T£^t*U;f 
ft5fc^» (Ofill®66^^Sr*5C:i:£iS«T«. C 
©IS*. 7^-^*©tH"XA<<!8ffiKrt:®«©«!ffl«c8: 
^-Oh5<fc£©T. 9xACJ;t>T&tf 10©<$£© 

5. AlCaAs©8«lt ^(OT^Szi^A^C 
/O*- ^>*©f5§HtJW£«Tft. O*0. £©<fc3 

a^n-fe^ii a4ttsanB&tf££RBs±i;ft. 
[ooos] eas»^fljffi»fl:^isirj:»5^anfcv 

CSEL(0(fi«)Mli. SiSflEU— !f7KSMt5 
l&C£t;ft|BlHT*ft. 7;i/SX"?A£a©»t>iI&B 

safc-rftfcatc. ^u-iau-cxs/^^xn-t*** 

6 TKft * ft TfcSlfcf X© 
^SBjgfft. «»«»c^U'«jS*<£ffll>XtlO(D7 

k off> © 2 3© v— »f ra©«/hx<s— ^*ss(B-r*. 

*»8&©*/MWiCtt» SSOX-S'O wtnMCMS «£ 
o T»15*U-©^rV X©»3ftat J E-©36®±'v©a»J£ 
jS©EBK«fc 0. #*»c=> >tt? hfcXttSSflfflE©!'- 

s tf7H , *»rirt"*SiiWiU<ft-dT«' 1 S.* - 
[0 0 0 6] ftMWfc*tf*ifiKWr*Ii8Ja©»t>A>K 

#sftfc«RS©»«#fc»K<fcoT^aft. ctuz 

«fc03fc£E9t?-ft. *aiS,Sttffiffi«*©±ffi©±ICti[ 

&ffr££ftft. c:©*^»c«fct>Tjgfig$nfcsatt. » 
1 2 5i/n>©«*wr*/-tJ-±c»iisnfe. 

U R«<*a*S#*3-a-. 'J7h*7 (liftoff) 7" 
a±z Sffl UTttAfcWjef * «*: !(>33KfcftM*ttK«fc 

ox. s«©fiH««»iac;»tus!i*tt*«aftT*r 



(3) #§8¥l 0- 2 2 9 2 4 8 

4 

[0 0 0 7] £*«ttfclBlffiKfc;5j£K < fcoT» 
JKSftfcVCSELttUri, tf««WS5±ttXtt*|ii« 

XttA 1 G a A s ^oWta<D&*i><-Kt\zm>1zsb. 

[0 0 0 8] 

[JSSSMSftUJ^i-faSjai *359Hi. tffKiS 

© U"f '>->^7/x-5 i ^&ii«rafc»k:fiiffl-ri - 1 
i# a<TSft. ^©BfcB«a^k:B:£xucfHWSftfc# 
mcawt? K&vcsEL«jt4ig«-r5. rne>© 

Kfl:<iS«tt. U-if*iS©+lc3fS©/^->K:ffiB$ 
nfc«»©**tr7^ ^fl^UTjgfiiE^ns, u-rs>> 
cifts©**^.* $t-c>it*rn 
6fflKYbig«C.J:oTB£ft/5:. Kfl:snr^&^fi« 
Tift*. Bft;XD-fe*©IBI. ¥*^jS©f lC«J6>i* 
nfc7;i'5X->A^«©iB5^A I GaAsSli. Cflb 
©^fcTT-W ©«■** £tttoKfflttTft3t#[Sj'\i:. 2 
0©BSrrft*-f £?4 0lllOBftfftt*(:f 

# XTftsraftsftft. Kft;««atf7A— 

JS£-r*fc»©7JU5X>?A-Sftfflia5V>A 1 GaAsl 

[0 0 0 9] *fB9i©*iJ,«tt. H"S?>y7/X-?-r* 
B£TftBfl;**©:*S$jS*. W"f s?>^7^-?-va 
#©*s*tHi;;<6^T**c:i:r**. *- «k. a 

1 G a A s ©«{&*«»»££•£ tffflSA 5*-* 
# U- C *X6»i#*K:^-?.T* ft. eft 6 ©*$— tt 
tt. . (Bfc«*©-!M , X):::: *:(JW*U.-- *f7A«-^+© 

90 < --fcref ^y7VX-3 l **»jfcrft 

fletttfti' - -' - ..n .■ *. .. ; :--?.t>T ; • •- 
[ 0 0 0. 0 1 ; >2tzMm.*zsm &xmzM->* s> {%.&&■*■< 

• [»H**»-rftfc*©#a] *^w©»-©»««^ 

flfrES«±C«J5E*nfctlf»©¥i»* 
H$«*.- «IE***»©5^© 1 :3a«t»C:ftteSi.«£ 

fc»-'J yUirfb. iffiEf£&H©E#fflK&K;*n;fc 
SB— ^l/^^t ®%i>)7U99<r>ft<»'>fZ< 

aM»a©*cME»tti*a««B**»i»rr«7/t- 
wE7A-^va«nmE«s6fawico+ 
©^«ai±a«icj:o-cs£n&ffi£a»mpn©cf>© 

50 ©*/r(J l-PW^+tfxw-SB*. ttEl/- tf© 



(4) 0 -2 2 9 2 4 8 

5 .5 

[0 0 11] *&9!©jSr:©!8«tt. tfrEaffifHf&Htf — tfW^O*ia$nfcKfil:*5ft43t»5(D^{C^L 

tv^^S«-p*o, ifflE#»*tt«f«a<iflESS{r:JB© ©j?*e. u— tf»^<o.«0arn«:«fitcj3tf-53tSfi 

i6{tSnfc38i)--e*5, Sg-©«£l::E«Lfc£igf8ft <3lig^©-lc5b<&*.fc5lc&fr;*n3. 7)V5.-V 

1 — tf"Z?&-5. A3-*©»V>C©A 1 GaAsJBtt. 7;U5:=.'}A£gj 

[0 0 12] *«W<OS=©««tt. 38ft£ffi£*-r* 8 6X^tT. 7^Sn£A#*©»l,>A 1 GaAsg© 

x»> ME««±eaa©¥*#B£«j£-r* i» fpf*icK^i-*stti«<&^. 7^sx*as*© 

Xx? mE¥3l#B©5 5© 1 t5©«*tgtt iDAIGaAs 1 6 !*©7;i>S =9 AS*£W 

HSS*. *m¥*#S©te©l ?©»#*«««»£ I"*. 7^5-* A**©ftUA 1 GaAsIOM 

*mm&M<D*^£%&*til&<Z>* J rX7-<( ZmiKTZ <6VH-#&*©7;U5=.9A*;-&tr. 

xf^m. suE+^tx^^aLTWEmsitSia iooisi canjsc^ssTt*. JNSfcu-^t^sf 

tfr^©«0©WE«Stt«li8»©«**§e{bUT, ME fcftictt. T»DBR 1 0 4©Klt¥ttTS*fc'ttl 0 

ffl«*/Z:tfTSV>©»B*>fi^tt. cn&©«*©M»C OXC^-T^tST**. -KKP?ffiE*f¥A<ifiS^<i: 

<f ^^Itliit^Mti^?"; Iffl U— tf-©Hffl*85**fi»-r*. T88DBR 1 0 4©K 

E U-1f8«©P*fflC*n^n3S-RE8S-©««*» a? Jt**t-«lcttiB»^© 2 tJ© A 1 G a A s S©JSflr¥ 

^-ra^v^s-a*. ins©«at<fc»)i(iEStt«[ ©££*©«££*#*«©#©»£©«»-?&*;:£ 

«©A<7^*"IH6t=T-5. ttfi<8l5nTl»5. C©JBSf*©2IA^€?ltntf, Br 

[0 0 13] #©S»*6»4©fc ! e5-S35E»©»fa^<T^tr. T 

[«?!©*«© B3tt. #!8fi©itra&2iat©E5 SSDBRflliSl 0 4*»Jffi-r<5lwtt-««k:tt3 0-4 

nfc*ifitt»-3 *>©**#««**. ^ne.tt«ffi^+ [0 0 1 6] T«DBR*i6l 0 ^xt;?*^*** 

fcT^>f*ffif53tU— !f£#JSTSft»fcfe/f!3n*. Jl aiC<fcO^»U&«. 'A 1 GaAs^^i/x-rVyjll 

T^A^fflO, cn&©Htill50i:UT«SnT(-»-5C 0 6 C©TS5A i GaAs *5yf-< >^ 

ttT»0. *n^n©ffl»W*ff*tt-«M«*^. H SI 0'6©7^5--?A*fttt»5 8XTabO. K-fcf 

3lcaa*X*r*i5lw. *J2>0 O^/ ji.-^.rHiOnfir'G '50 >^Ui<^l«H 0 1 J- ! c mr,J ~>5 X 1 0 1 .' cm" , OnS 

a-A-$ n v7? M 1 4> 2^«*Mft#3)!f»^M.O C r.*»;!te©»©»*»il5 -r»?-.r**Ji 

-VD-)' 4 XXila S*li^t»*^^#aiiWvV - - rWii Oi A S -fi&Fr* i>#m 1 0 6©xK:»i 

Tnl-GaAsIfil 0 0 ±?&&Zite>n*. nS ifl*a©ffittJi 1 0 8*<<fe 0. 5-1 0*y ;*-:?-© 

-GaAs £ «& G a A s A y 7 7 © 1* - U*? ff***.^.* 4 P©*tP#F££ '.C *l S ©*f #P 

;nicn6©)Uc«tt4afit*<a*icfi< tts «fcd c; « 2 5*8 ^y,^r-^-r-©j»**«-rs 3 ^©ny ?jc * 

-«69»Ctt3X 1 O^cm-f-TX-l 0!'.cm-'<6K vXttWltlX^Z.- V— tf«ia©BfS©ltl^ttfilCft 

• cnS©¥W«ttJ*d.W8Xif **3^A o^JWftGa A s XH^SXfrA^fcWfcHA 1 

&S (" L'PE" ) V jmMMBS* (" MBE" ) . G a A s 0TlT#FIiA«M3h5. '©HE 

• Xttte©Ha©fea«fi^a-t^tcJ:orSS±t«3)r 18©Jt?SBT?tt. ^n^©*^#F(iA$!«Jlc««7%© 

8n«Ci*Tt*. - - fSt -, .>-.-• 40 7 )VS.-0 K-KJ/^Snr^ftHA I 

[00 14] GaAsAy7 7ll 0 2 ©±fcfiT«# G a A s tCfcoTJ&SStt*. *58Wlc4Jlf»"C. flrttS 

tia?yW7l>99 (DBR, Distributed Bragg re 1 0 8 *JB*£-rs©CHl-©*^#FX«ffi©«aji^ 

flector ) 1 0 4*»«1-?.iai*^«il^fe0. VCS #F (" MQW" ) «jfi©ffiffl£#jtfft^. 

EL»j6lC:fc^T&le^ftffiE*t*S{K-fS. TSDB [0 0 17] fSttS 1 0 8 ©_ttt±gSA 1 G a A s £ v 

R 1 0 4H&5!W(;:tt7^3X^A©'&*©iB5<AA 1 G -yx-f >^S 1 1 OTftO, C©^ 7 yf-f >ifM 1 1 

a A s»&tf7;U5:^A©£*n*5(7)fl£^«l©A 1 Ga Oti-t© K-^j!Pl©ai±€rl*miTg5A 1 GaAs V y 

As»A^6nt-5«R©»lcJ:0Jg*Sn4. »©»©» i/ x-O^l 1 0 6 t«iiWiC<HT^*. C©±S8^7 

7;U5n^A**©iBiHj|»A 1 GaA yf-f>^ll 1 0HiW5 8 X©7;U5X<>AS*£*r 
sJl*<^»$n. •?•©«. Jt^tt'-r^©*-^ 5 1 X 1 0 c m" 1 - 4 x l 0 c m" 1 © h'-tf 

>?m 1 0 e^fis-e-*. 8 2 o^-y *~?-<n so v^u^MttipaTJi*. tssa 1 GaAsf? 



(5) 



0-229248 
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li loof^^ioot;/-^-^. ens 

0 2-00) A 1 GaAs^77T-C>yH 1 0 6&tf 1 1 
Ott, fSttfll 0 8 HTVSSfctrfc 
JB&U CCD** trw<0"f tZ&^Tmm<D%;*Y<{ > 
i>m<bft*. SI 0 6. 1 0 8&tfl 1 OWh-^MD 

[0 0 1 83 ±8SA 1 >y»l 1 0 

05±fiK(fcJi 1 1 2T*9. U— !fT/X-frS«^-r 

mzmm-rz. z.<?>$m<»K*&-v\*. camitmi 1 2 

tt±»A 1 GaAs^5 y?^ >{fM 1 1 0©±C* 

*. *awc*v>T. zo&itmi 1 2$tewtt» (js 

ftI10 8»feoimtiT) 

tffc</>. ASWKH. C©l6fl:JIl 1 2«i&9 5%C07 

5. 1 2li±SBDBR3 7- 

co o 1 9] sicei 1 2*«^anfca, pi»- f- 
yjw*^ti35 o o±wd BRS5-1H sw*-r*. 

±S?D BR 5 7—1 1 5 tt-tffi K-TKWaffittSBWtf 
TfflD B R 5 5- 1 0 4 tWfiWfcffilTV**. JSC. » 
ttffl*0«-fflfc*t>jgt>5 ^Jitt-jRK^SXtfA 

->A$^r»t>*fcK{t)il 1 2T*-5. C<0|fcSS«>JgJi 
Ttt. ±»DBR1 14©S«t$«. *«^>^;i/CO 

i- 9 ;9 X5T * -SasCLOifeaCD-B R 5 9 -H3f^aj|gfltr 
* Ktt-jR»C2 0S-.2 5 &©3fc2AU Ga a£ 



tl 0.0 2.4) fcH 4 tt##3fiB®.t> tTH3 : C«^]Lfc# 

y^^KI ^CIC. 7*>t'*Xf fll 1 8 
£ C<oafl:->U 3 >Ji±lCff *51ivs 7.*ib U 7 
*^K£-3T40(B;ilV>»Wl 2 0*57* hUP* h 
#8*3t 0 »*.• H 4 ©«t -5 £»figS-8\*. C 

ns 1:2 o tt^ ft^festifca^^-vs 
[0 0 2 i] Hscsan/ti^ic. c<ct>->7;ucx 

^813 fcJSU CCISJfCXyf^^S&JIKaSS 
ftfc4t50)Sai3nfc*.^««l 2 0 4l7T*«#i 
SW'I'ICRfB^^rfr-f 1 2 6^fl5^an-5. Ivf 
> y ttKJStt-f * >X -y > ys?<02iglc«fc r> Tff ft 

5 (0 5ch*) . n«is*rtf7^MBj*snT«® 



20 



•30 



40 



•y- > 7> ic aVtsas *ff 5 . c on- > TMWi &s/« tc it 
3 5 0* CSj@^.5i«taTar*9S«Wf , *SISC$ffl^ 

TMftans. coisfkiaa^w, Kfcjf i i 2«a-R 

^) . C5 UT. 7;i'5X7A£*©iSHA 1 GaAs 
*>Sfc*K{UBl 1 2tt. -«»C«S-*A'tT v ^*»0 
#< i 2 4 #s wcifirfwt*-/-*-? » 7*f 

74— )W .(optical field) dtaflEKSmSSSn-SiiH 

[0 0 2 2] KfcyaiixrofBJ* ^ifittieoffiosaT^ 

-S&Snrtt, AlGaAsfflSftfHT^SZ^ 

Kft:«ia©^WttK{k« 1 1 2 flJ7;U5x^A^*2fctf 

«»+»T*<5. fifoT. 8fcatlT^5JBli9 5%tC 
iaur^S-^A^Ji^T-SA 1 GaAs?»5. A 

lGaAsicsftsnai^sas^ii, sitei 

0 8 Sa«««E^X£(W»f -5. : 

[0 0 2 3] H6tt/ B3£££ttfcRft;Jil 1 205t 

tC5*S^LX^S. «M*<OSf»l:2 2ttHfl:«i 1 

1 2©+OU'— ifTA^^&SSU. C«)7/1-fVtt 
ffitt»;l:0-8 \z£ZV?rtfm^<QW**%.*>*-. Z&7 




50 



ft vitmtokm i ifcaimwjrc* o / 

4«D**»«fl:a.n*t>ssa5. cosftsnftm 
«ttie##©«j«i 2 2 6*fjsu' c:n*<u— tf«sa© 
«ft7n-fe7©«. -ft>ttAyo 
■feX (EJTKEIS-r*) Sffiffl UT»«k«* 1 3 0 £Jg 

[0 0 2 4] »fc7'a-feX©&. ««1 2 4IJ8ft:$ 

n. Kfban^^ss^i 2 2«stt*i o 8<&a5«sR 

AX*W»1-*7A-5 l r*fl5fi)t-r5. 7A-f t 1 2 

2 ©tic** ffittJi i o 8 ®^»»»*a*«ff£<DSsn 

tt. pSSynS+i-'J-VwaAiiS (injected densi 

ty) cttt». «^n»«an5. aatcasn^+^css^ 

*£\ C©Jt<01t«tt. DBRS5-104jyil4 

r/t-^f 1 2 2»c<fcoTasan2.«B*^«c*v»rffi 
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[0025] -f *>&xm mm) 7u-txzm>T 

M$n5Mffl«13 0 (06. 07RI/E!8f;:0 
i«^AX^M-tt5 0KeV, lOOKeV&tf 

2 0 0 K e v-e*§. »fi«-jR(c«&x^^^u-; 

1 0 ,s cm-'T^. »aiS«4 0 2 
[0 0 2 6] &»;/D-fcX0>gL ¥«#«i£4>lB®Rtf 

3 2&tfl 4 4jW0/££*1* (0 7, 0 8&tf09K:0 

[0 0 2 7] 0 9tt, -««ft*«««ffiyn-fe^tCcfc 
fllg®»£l 3 2£J&fiSLfct&, *»^l:ffioTII«$ 
nfcVCSEL*&<&¥®0£St". C<0B<0^>7 
- 7 Rtf 8-8 T^J fc*r®Bte0 7 RtfB 8 

2n-a>*. TRfflft^i 3 2 w affair* 

S# l 3 4R£fl@Sfi«# l 3 6 *r&tr. SU*&#«*r 
IffY 1 2 6£>I*3fl! (inboard ) KfcO, l"— If 7/1— 
ftl2 2<Z>±ICtf\£3:>Tl>S. unssflt^v^ 
(#»»£&<&?) * t*W-ftt*LTU- 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Are the surface luminescence laser which has a luminescence front face, and said laser 
contains a substrate. The first reflector to which one of said semi-conductor layers was located in inside 
at said one barrier layer side including the barrier layer which has an active region including two or 
more semi-conductor layers formed on said substrate, A part of light energy is made to penetrate 
through at least one of said reflectors including the second reflector located in the opposite hand of said 
barrier layer. One of said semi-conductor layers is a current control layer, and two or more cavities 
prolonged in said current control layer are included. It has the aperture which controls the current which 
passes along said barrier layer in said current control layer. Said aperture field is demarcated by the 
conductive field in said current control layer surrounded by the non-conductive field in said current 
control layer. Each of said non-conductive field is surface luminescence laser with which one cavity is 
surrounded and these electrodes make bias of said active region possible at the both sides of said laser 
including the first and the second electrode, respectively. 

[Claim 2] Surface luminescence laser according to claim 1 said whose current control layer is an 
oxidizing zone, said whose conductive field is the part into which said oxidizing zone has not oxidized 
and said whose non-conductive field is the part into which said oxidizing zone oxidized. 
[Claim 3] Are the manufacture approach of surface luminescence laser of having a luminescence front 
face, and the step which forms a substrate is included. One of said semi-conductor layers contains a 
barrier layer including the step which forms two or more semi-conductor layers on said substrate. Other 
one layer of said semi-conductor layer is arranged at a boundary pattern including a current control 
layer. The step which forms two or more cavities prolonged into said current control layer from said 
luminescence front face is included. The field of said surrounding current control layer of said cavity is 
oxidized including the step which exposes the part of said current control layer to an oxidization 
environment through said cavity. Extend said field, bring a mutual field close, and the step which forms 
a central non-conductive field among these fields is included. And the manufacture approach of the 
surface luminescence laser which makes bias of said active region possible with these electrodes 
including the step which forms the first and the second electrode in the both sides of said laser 
equipment, respectively. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Generally this invention relates to semiconductor laser. A compact and the 
vertical mold cavity surface luminescence laser demarcated good can be dramatically formed more in a 
detail by this invention. 
[0002] 

[Description of the Prior Art] Solid-state semiconductor laser is important equipment in the application 
of photoelectron communication system, a high speed printing system, etc. Although, as for current, the 
generality activity of the edge luminescence (edge emitting) laser is carried out in these applications, the 
interest about vertical mold cavity surface luminescence laser (vertical cavity surface emitting laser, 
"VCSEL") has increased in recent years. The reason by which the interest increased in VCSEL is that it 
is difficult for edge luminescence laser to converge the beam discharged since beam spread was large. 
Furthermore, edge luminescence laser cannot be tested until the cleavage of the wafer is carried out to 
separate equipment (the edge forms the mirror facet of each equipment). On the other hand, not only the 
beam of VCSEL has small beam spread, but VCSEL emits light in a vertical light on the surface of a 
wafer. Furthermore, a design top mirror unifies at VCSEL, it is incorporated, and manufacture of the test 
of a wafer and-dimensional [ 1 ], or a two-dimensional laser array is attained by these mirrors. 
[0003] The known technique of manufacturing VCSEL is based on a side-face oxidation process, and is 
illustrated by drawing 1 and drawing 2 . By this approach, the laser structure containing two or more 
layers is formed on a substrate 10. These layers contain a barrier layer 12 and the AlGaAs layer 14 with 
a high aluminum content. The AlGaAs layer 14 is arranged on the barrier layer of laser structure, or at 
either the bottom. Next, this layer structure is masked, it is etched selectively, and the mesa structure 22 
(it illustrates to drawing 2 ) is formed. As a result of etching, the AlGaAs layer 14 with the high 
aluminum content which adjoins a barrier layer 12 is exposed to the edge of the mesa structure 22. In 
order to form a raising radiation zone, i.e., "aperture", this AlGaAs layer oxidizes in a longitudinal 
direction from an edge toward the core of mesa structure, as expressed with the arrow head A. Since the 
aluminum content is lower than an AlGaAs layer, other layers in this structure remain not oxidized 
intrinsically. Therefore, these oxidation quotients are also substantially low. Therefore, only an AlGaAs 
layer with a high aluminum content oxidizes. The part into which the high aluminum content layer 
oxidized serves as non-conductive electrically as a result of oxidation treatment. The field (conductivity) 
where it remained in the AlGaAs layer and which has not oxidized forms the so-called "the aperture 
(opening)", this aperture is a field which defines the current pass in laser structure, and, thereby, a laser 
luminescence field is decided. VCSEL formed by such technique is indicated by "the vertical mold 
cavity surface luminescence laser Electronics Letters whose power efficiency is 50% and which 
oxidized selectively (Selectively Oxidized Vertical Cavity Surface Emitting Lasers With 50% Power 
Conversion Efficiency)", Vol.3 1 , and pp.208-209 (1995). 

[0004] The current side-face oxidization approach has some faults, such as large [ an oxidization field ] 
and deficient [ large / mesa structure / and ] in control of aperture size. The main faults of this approach 
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are that control of the amount of oxidation is difficult. Generally, desirable equipment aperture is 1-10 
microns (micrometer) order, and this means that dozens of microns (it must generally be the magnitude 
of 50-100 microns) side- face oxidation is generally required, in order to oxidize from the side face of a 
bigger mesa and to manufacture equipment. Consequently, since the size of aperture becomes small 
compared with the range of a side-face oxidation field, it reaches with a wafer and, generally, as for the 
formed equipment, has big dispersion in aperture size the result which is not fixed of the one specific 
wafer. It depends for the oxidation quotient of AlGaAs on the aluminum component greatly. The non- 
homogeneity of all components is reflected by change of an oxidation quotient, and, thereby, a 
uncertainty produces it in the amount of oxidation. This process is also comparatively sensitive to 
temperature again. Since the oxidation quotient is various, it is difficult to ensure extent which oxidizes 
the laser structure, and, thereby, the repeatability of the performance of equipment decreases. That is, 
such a process produces various manufacture problems and a production problem. 
[0005] Other faults of VCSEL formed by the traditional side-face oxidation approach are problems 
produced in case a high density laser array is formed. In order to oxidize a buried layer with a high 
aluminum content, it leaves a mesa and an etching process is performed. The laser aperture of specific 
size is demarcated after etching of this mesa by the field which performed side-face oxidization and 
oxidized. The minimum tooth space between two laser in one array is selectively restricted using mesa 
structure. Since it is necessary to etch the height of the step of this mesa through a thick up DBR mirror, 
generally it is several microns. Furthermore, it is necessary to also enlarge the top face of a mesa 
comparatively so that a metal joint can be formed on this mesa, without closing raising aperture, typical 
- the minimum size of electric contact - about 50 - x50micrometer2 it is . Therefore, it is difficult by 
arrangement of the height of the step of a mesa, and electric contact to the front-face top to form the 
laser array of the **** high density which is very a compact. 

[0006] The solution over some of problems about typical mesa structure is using a shallow mesa. In 
order to use a shallow mesa, an up mirror is not formed of epitaxial processing. Instead, an up mirror is 
formed with the dielectric matter of two or more layers to which it adhered, and, thereby, reflects light. 
Electric contact is directly created on the upper part of an active region. The equipment formed by this 
approach was manufactured on the mesa which has width of face of about 12 microns. However, the 
dielectric matter is made to adhere and it is difficult to optimize the low threshold current and the high 
efficiency of equipment by the further complexity of demarcating a contact using a lift-off (liftoff) 
process. 

[0007] VCSEL formed by the traditional side-face oxidation approach at the end has that mechanical 
integrity or structural integrity is often scarce. Since adhesion of the oxidizing zone to GaAs or AlGaAs 
which has not oxidized is generally weak, the laminating of the whole mesa may be broken down with 
the above pressure added into the packing (mounting) process. 
[0008] 

[Problem(s) to be Solved by the Invention] This invention offers the very compact VCSEL structure 
which can be used in order to demarcate the raising aperture of laser structure and by which the 
oxidation field was demarcated and controlled appropriately. These oxidization fields are formed into 
laser structure using two or more cavities arranged at the predetermined pattern. Raising aperture is a 
field which was surrounded by these oxidation fields centering on these cavities and which has not 
oxidized. Between oxidation processes, it oxidizes until the oxidation field between two adjoining 
cavities overlaps the AlGaAs layer with the high aluminum content embedded into semi-conductor 
structure in the radiation direction towards an outside from each of these cavities. The AlGaAs layer 
with the high aluminum content for forming an oxidization field and the aperture section is often called 
a "oxidizing zone." 

[0009] The oxidization area size to which the advantage of this invention demarcates raising aperture is 
the about the same as the magnitude of the raising aperture itself. Generally, the oxidation quotient of 
these of AlGaAs is dramatically uneven depending on a matter component and a processing parameter. 
As for such heterogeneity, impact becomes small as the ratio of : (size of an oxidization field) (size of 
the last laser aperture) becomes small. When the amount of oxidization required to form raising aperture 
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when it puts in another way is reduced substantially, aperture size stops receiving effect in change of the 
matter and a process not much. This becomes suitable demarcation of aperture, and controllable. 
[0010] 

[Means for Solving the Problem] The first mode of this invention is surface luminescence laser which 
has a luminescence front face. The first reflector to which one of said semi-conductor layers was located 
in inside at said one barrier layer side including the barrier layer which has an active region including 
two or more semi-conductor layers by which said laser was formed on said substrate including the 
substrate, A part of light energy is made to penetrate through at least one of said reflectors including the 
second reflector located in the opposite hand of said barrier layer. One of said semi-conductor layers is a 
current control layer, and two or more cavities prolonged in said current control layer are included. It 
has the aperture which controls the current which passes along said barrier layer in said current control 
layer. Said aperture field is demarcated by the conductive field in said current control layer surrounded 
by the non-conductive field in said current control layer. Each of said non-conductive field surrounds 
one cavity, and these electrodes make bias of said active region possible at the both sides of said laser 
including the first and the second electrode, respectively. 

[001 1] The second mode of this invention is surface luminescence laser [ which was indicated in the 
first mode ] said whose current control layer is an oxidizing zone, said whose conductive field is the part 
into which said oxidizing zone has not oxidized, said whose non-conductive field is the part into which 
said oxidizing zone oxidized. 

[0012] The third mode of this invention is the manufacture approach of surface luminescence laser of 
having a luminescence front face. The step which forms two or more semi-conductor layers on said 
substrate is included including the step which forms a substrate. In one of said semi-conductor layers, 
other one layer of said semi-conductor layer contains a current control layer including a barrier layer. It 
is arranged at a boundary pattern and the step which forms two or more cavities prolonged into said 
current control layer from said luminescence front face is included. The field of said surrounding current 
control layer of said cavity is oxidized including the step which exposes the part of said current control 
layer to an oxidization environment through said cavity. Said field is extended, a mutual field is brought 
close, and bias of said active region is made possible with these electrodes including the step which 
forms the first and the second electrode in the both sides of said laser equipment, respectively, including 
the step which forms a central non-conductive field among these fields. 
[0013] 

[Embodiment of the Invention] Drawing 3 expresses the semi-conductor structure used for forming the 
gestalt of suitable operation of this invention. These are used in order that the illustrated structure may 
form vertical mold cavity surface luminescence laser including many semi-conductor layers. It sees, and 
these layers are only expressed as schematic drawing, and each relative thickness is not related at all as 
it understands. As expressed to drawing 3 R> 3, about 200nm n mold-GaAs buffer layer 102 is grown 
up on the n mold-GaAs substrate 100 using the epitaxial vacuum evaporationo processing known as 
organic metal chemical vacuum deposition ("MOCVD"). Generally it is at least 3x101 8cm-3- 
7xl018cm-3 so that resistance [ in / in the doping level of an n mold-GaAs substrate and a GaAs buffer / 
these layers ] may become low moderately. It can also adhere to these semi-conductor layers on a 
substrate again according to liquid phase epitaxial growth ("LPE"), molecular-beam crystal growth 
("MBE"), or other known crystal growth processes. 

[0014] There is a superstructure which forms the lower distribution Bragg reflector (DBR and 
Distributed Bragg reflector) 104 on the GaAs buffer layer 102, and required internal reflection is offered 
in VCSEL structure. The lower part DBR104 is formed of two or more pairs which consist of an 
AlGaAs layer with the typically high content of aluminum, and other AlGaAs layers with the low 
content of aluminum. The increase of the number of the pairs of a layer, and after carrying out, it 
adheres to a last AlGaAs layer with a high aluminum content, and the first ************** i a y er iQ6 
of an optical cavity is grown up after that. The thickness with the pair of each class typical for 820nm 
laser luminescence is about 120 nanometers. A pair of overall thickness of each class is designed so that 
it may become equal to the one half of light wave length in the wavelength on which laser actuation was 
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meant. The thickness of the last high aluminum content layer is designed so that it may become equal to 
the quarter of light wave length in the wavelength on which laser actuation was meant. This AlGaAs 
layer with a high aluminum content contains aluminum about 86%. The aluminum content of an 
AlGaAs layer with a high aluminum content is not so high as it oxidizes simply, although it is high 
enough for offering a low refractive index. The AlGaAs layer with a low aluminum content has about 
16% of aluminum content. Generally the component of an AlGaAs layer with a low aluminum content 
contains the aluminum of as sufficient amount as it is unabsorbent on the raising wavelength. 
[0015] With the gestalt of this operation, since light carries out an outer join through the top face of a 
semi-conductor sample, in order to make internal reflection high, near of the reflection factor of the 
lower part DBR104 should be made 100% as much as possible. If the rate of internal reflection is 
generally high, the threshold current of laser will decrease. It is known well that the reflection factor of 
the lower part DBR104 is generally the function of the difference of the refractive index of two AlGaAs 
layers of superlattice and a pair of number of the layers in the structure. If the difference of this 
refractive index is large, there will be few a pair of numbers required to obtain a given reflection factor, 
and they will end. Generally 30-40 pairs of AlGaAs layers are used to form the lower DBR structure 
104. 

[0016] After adhering the lower DBR structure 104 by epitaxial processing, the AlGaAs 
************** layer 10 6 is adhered. The aluminum content of this lower AlGaAs ************** 
layer 106 is about 58%, and is n mold of doping level 1 xl018cm-3-5xl018cm-3. The thickness of this 
layer is about lOOnm. On this AlGaAs ************** layer 106, there is a barrier layer 108 of laser 
structure and these quantum wells are divided by three barrier which has the thickness of 2-8nm 
including four quantum wells which have the thickness which is 5-1 Onm. Therefore, quantum well 
structure is formed in the output wavelength of a request of laser structure using pure GaAs or AlGaAs 
with a low aluminum content. With the gestalt of this operation, these quantum wells are typically 
formed of AlGaAs which has about 7% of aluminum content and which is not doped. In this invention, 
although a barrier layer 108 is formed, the activity of a single quantum well or other two or more 
quantum well ("MQW") structures is not barred. 

[0017] A barrier layer 108 top is the up AlGaAs ************** layer 110, and this ************** 
layer 1 10 resembles the lower AlGaAs ************** i a y C r 106 structurally, if the polarity of that 
dopant is removed. Besides, although the section ************** layer 1 10 has about 58% of 
aluminum content, it is p mold which has the doping level of lxl018cm-3-4xl01 8cm-3. The thickness 
of the top ************** layer 1 10 as well as the lower AlGaAs ************** i ayer 106 is about 
lOOnm. These two AlGaAs ************** layers 106 and 110 form an optical cavity in general with 
a barrier layer 108, and desired optical gain is acquired in this cavity. The total thickness of layers 106, 
108, and 1 10 is adjusted equally to the integral multiple of the wavelength which laser actuation means. 
[0018] The up AlGaAs ************** i aye r 1 10 top is an oxidizing zone 1 12, and it is used for 
forming laser aperture. This laser aperture controls the flow of a current and, thereby, controls the 
raising location in a barrier layer 108. With the gestalt of this operation, this oxidizing zone 112 exists 
on the up AlGaAs ************** layer 1 10. In this invention, it does not bar transposing this 
oxidizing zone 1 12 to other locations (or on [ Barrier layer 108 / More ] or under). Typically, this 
oxidizing zone 1 12 has about 95% of aluminum content, and the thickness of about 70nm. Typically, 
this oxidizing zone 112 constitutes the first pass of an up DBR mirror, and contains p mold-dopant. 
[0019] After an oxidizing zone 1 12 is formed, the remaining up DBR mirror 1 14 containing p mold- 
dopant is adhered. The up DBR mirror 115 resembles the lower DBR mirror 104 structurally, if the 
polarity of the dopant is removed. Furthermore, generally the minor layer nearest to each ** of an active 
region has a high aluminum content. In the gestalt of this operation, this high aluminum content layer is 
also an oxidizing zone 112. With the gestalt of this operation, since light carries out the outer join of the 
reflection factor of the upper part DBR1 14 through the front face of a semi-conductor sample, it is 98% 
- 99% typically. Generally for besides forming the section DBR mirror 114, 20-25 pairs of mutual 
AlGaAs layers are used. 

[0020] Drawing 4 is some top views of the mask which may be applied to the semi-conductor structure 
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expressed under this invention to drawing 3 . First, the homogeneity layer of silicon nitride is made to 
adhere to the whole semi-conductor sample as usual. Next, a photoresist layer 1 1 8 is made to adhere on 
this silicon nitride layer, a photoresist ingredient is removed from four round fields 120, and a mask like 
drawing 4 is made to form with photolithography. These round fields 120 form the boundary pattern 
decided beforehand, and it is used for this demarcating the final aperture of laser structure behind. 
[0021] As expressed to drawings , etching processing is performed to this sample and the cylindrical 
shape cavity 126 is formed into semi-conductor structure through four exposed round fields 120 which 
was exposed to etching processing in the meantime. Etching is performed by processing of reactive ion 
etching etc. and the deep hollow which has a vertical mold side attachment wall is formed. The depth of 
each cylindrical shape cavity reaches even an oxidizing zone 1 12 at least (it illustrates to drawing s ). 
After a cylindrical shape cavity is formed and all the photoresists on a front face are removed, oxidation 
treatment is performed to this semi-conductor sample. This sample oxidizes in a nitrogen environment 
using a steam at the elevated temperature exceeding 350-degreeC typically. An oxidizing zone 1 12 is 
exposed to a perimeter through each cylindrical shape cavity during this oxidation treatment (an arrow 
head B illustrates). In this way, generally, the oxidizing zone 1 12 which consists of AlGaAs with a high 
aluminum content oxidizes in the radiation direction toward an outside from each cavity 126 until the 
oxidization field 124 which surround each cavity approaches mutually and overlaps it (it illustrates to 
drawing 6 ). However, as long as electric field and the optical field (optical field) are the range restricted 
moderately, the non-oxidizing gap between oxidation fields may be small. Although the cross section of 
each cavity has been indicated as what is a cylindrical shape, what kind of suitable cross section may be 
used. 

[0022] Since other layers between oxidation processes and in structure have the low aluminum content, 
they remain hardly oxidized. In constant temperature, it becomes high in general exponentially while the 
aluminum content of the oxidation quotient of AlGaAs increases. The time amount of oxidation 
treatment is decided by the aluminum content and oxidation temperature of an oxidizing zone 1 12. 
Desirable controllable oxidation time amount is dozens of minutes. Therefore, the layer which has 
oxidized is AlGaAs which has an aluminum content near 95%. The part which remains with an AlGaAs 
layer not oxidized controls the current pass which passes along a barrier layer 108. 
[0023] Drawing 6 is the amplification schematic plan view of the oxidizing zone 1 12 expressed to 
drawing 3 , and assumes the place which removed all the layers on this layer. The shadowed part 122 
expresses the laser aperture in an oxidizing zone 1 12, and this aperture appoints the field of laser 
luminescence by the barrier layer 108. This aperture is formed of the oxidation process of this invention. 
Between oxidization processes, an oxidization front (oxidation front) progresses through an oxidizing 
zone from the pattern which consists of four cavities 126, and the shadowed part 122 is formed of the 
intersection of the borderline of the oxidization field 124. It becomes the oxidization field 124 which the 
oxidization front emitted from the cylindrical shape cavity 126 is also a cylindrical shape mostly, and 
overlapped it. The center of the overlap field 124 remains not oxidized. This field that does not oxidize 
forms the shadowed field 122, and this is the aperture of laser structure. An insulating region 130 is 
formed after an oxidation process using an ion-implantation process (it indicates below), and laser 
structure is isolated from the thing around it. 

[0024] After an oxidation process, a field 124 oxidizes and the part 122 which does not oxidize forms 
the aperture which controls the current pass which passes along a barrier layer 108. The flow of the 
current which passes along the part concerned of the barrier layer 108 under aperture 122 becomes p 
mold and n mold carrier injection concentration (injected density), and light is amplified. When the flow 
of a current is high enough, laser oscillation and luminescence produce magnification of this light from a 
barrier layer in the field demarcated by the aperture 122 in an oxidizing zone 1 12 conjointly with the 
feedback from the DBR mirrors 104 and 114. 

[0025] The insulating region 130 (it illustrates to drawing 6 , drawin g 7 , and drawmgl ) formed using 
an ion-implantation insulation (isolation) process has high resistance. The typical impregnation energy 
used for such a process is 50KeV(s), lOOKeV, and 200KeV(s). Generally dosage is 3xl015cm-2 in each 
energy level. The ion used for forming an insulating region 402 is hydrogen. 
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[0026] The metal contacts 132 and 144 for carrying out bias of the laser, respectively are formed m the 
top face and base of semi-conductor structure after an insulating process (it illustrates to drawing 7 , 
drawing 8 , and drawing 9 ). The typical metal used for forming these contacts is the two-layer film of 

titanium/gold. , . A ... . 

[0027] Drawing 9 expresses the top view of the VCSEL structure formed according to this invention, 
after forming the top-face contact 132 according to a general metallization process. The sectional view 
cut off by the line 7-7 of this drawing and 8-8 is expressed to drawing 7 and drawing 8 . The top contact 
132 is a keyhole mold mostly, and contains the annular part 134 and an extension 136. There is an 
annular part inside a cavity 126 (inboard), and it has hung on the laser aperture 122. Since this is not 
transparent, this is annularly made so that the light from laser may be combined through central aperture 
(since it is nontransparent nature). Width-of-face"W" of the annular part 134 is restricted by the 
minimum line width of face which can usually be attained under the processing technique used, and, 
thereby sets up the niinimum of the pitch between adjoining VCSEL structures. Therefore, the typical 
pitch between the cores of two adjoining VCSEL aperture 122 is "4W." However, since a top-face 
contact may hang on the laser aperture 122 when using a transparent conductor, the pitch between the 
adjoining VCSEL structures is further reducible. Therefore, this pitch may be reduced to the order of 
"2W", as expressed to drawing 10 . A typical conductor is indium oxide tin and this may be made to 
adhere according to a sputtering process. The gestalt of other operations of a top-face contact is 
expressed to drawing 10 , and is expressed with the number 138. The contact finger 140 has hung on the 
laser aperture 122 including the conductive contact finger 140 where this is transparent, and the contact 
pad 142. After forming electric contact on a top face, a metal is made to adhere to the base of a substrate 
1 00, and the bottom product electrode 1 44 is formed. 

[0028] Drawing 16 , drawing 17 , and drawing 18 express other pack (mounting) arrays for forming the 
laser array formed by the approach of this invention to drawing 11 , drawing 12 and drawing 13 , 
drawing 14 and drawing 1515 , and a list. In the array of such equipment expressed to the laser 
equipment and drawing 12 R> 2 of drawing 11 , these oxidization fields 224 have surrounded the 
boundary pattern of three cylindrical shape cavities 226 located at the top-most vertices of an equilateral 
triangle including the aperture 222 by which each laser structure was demarcated by the oxidization field 
224. All the tooth spaces between the cores of two cavities are "S." As stated previously, the embedded 
AlGaAs layer with a high aluminum content oxidizes in the radiation direction toward an outside 
between oxidation processes from the cylindrical shape cavity 226 until the laser aperture 222 to which 
the oxidation field 224 overlaps and has not oxidized is formed. The pack array expressed to drawing 11 
can be repeated, and a laser array which was expressed to drawing 12 can be formed. When spacing 
between the cores of two cylindrical shape cavities is set to "S", typical straight-line spacing between 
two laser aperture (linear spacing, component distance of the direction where the array of drawing 12 
extends) is abbreviation "S/2." 

[0029] In the array of the laser equipment of drawing 13 , drawing 14 , and drawing 15 , the square 
boundary pattern which consists of a cylindrical shape cavity 126 is expressed. The oxidization field 124 
is overlapped and forms the laser aperture 122 which has not oxidized. A laser array which repeated the 
pack array expressed to drawing 13 , and was expressed to drawing 14 and drawing 15 can be formed. 
When using a pack array like drawing 14 and spacing between the cores of two adjoining cylindrical 
shape cavities is set to "S", typical straight-line spacing"L" between two laser aperture is "S" mostly. 
When using an array like drawing 15 and spacing between the cores of two adjoining cylindrical shape 
hollows is set to "S", typical straight-line spacing'L" between two laser aperture is [Equation 1] 

generally. 
*V2 x s." 

It comes out. 

[0030] The boundary pattern of the hexagon which consists of a cylindrical shape cavity is expressed 
with the array of the laser equipment of drawing 16 , drawing 17 , and drawing 18 . The cavity 326 of 
arrange [ you / at the top-most vertices of other polygons ] is clear. As stated even in the place of the 
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gestalt of operation of point **, laser aperture is formed of the field 322 which was demarcated by the 
field 324 which oxidized and which has not oxidized. A laser array which repeated the pack array 
expressed to drawing 16 , and was expressed to drawing 17 and drawing 18 may be formed. When using 
an array like drawing 17 and spacing between the cores of two adjoining cylindrical shape cavities is set 
to "S" typical straight-line spacing"L" between two laser aperture is "1.5S" mostly. When using an 
array like drawing 18 , typical straight-line spacing"L" between two laser aperture is [Equation 2] 
generally. 

It comes out. . . , . . . 

r0031] And they may change various these parameters. [ the constituent mentioned previously, dopant, 
doping level, and a dimension ] [ instantiation ] Furthermore, other layers may be added to the layer with 
which it expressed to drawing. Experiment conditions, such as temperature and time amount, may be 
changed, the last instead of [ of GaAs and GaAlAs ] - the [ GaAlSb, InAlGaP, or / other ] - IH-V 
Other semiconductor materials, such as a group alloy, may be used. 



[Translation done.] 
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